INTRODUCTION
Carnation (Dianthus caryophyllus) is one of the most important cut flowers around the world. The genus Dianthus belonging to the Caryophyllaceae family and carnation is applied as its common name (Galbally and Galbally, 1997; Jurgens et al., 2003) . The main problem of using cut flowers as decorative purposes is their short vase life, senescence and welter of petal. In most cultivars of carnations, progress of senescence is accompanied by a significant increase in the synthesis of ethylene and a consequent climacteric augmentation in respiration ratio (Serek et al., 2006) . Vase solution affects quality of flowers by extending vase life as well as preservation of leaf freshness and color of flower organs. The main advantage of vase solution could be related to alleviation of bacterial accumulation at the stem base. Application of silver nitrate and/or silver thiosulfate (STS) on cut-carnations prevented the climacteric increase in ethylene biosynthesis and delayed senescence of the flowers (Nair et al., 2003; Meman and Dabhi, 2006) . Nowadays, using silver nitrate is commercially restricted due to its harmful effects on the environment and human health (Damunupola and Joyce, 2006) . Silver nanoparticles (SNP) with antimicrobial properties could be a suitable agent for reducing bacterial population in vase solution and improve postharvest quality of cut flowers. Antimicrobial activity of SNP could be related to its lethal effect on bacterial cell membrane causing cell death (Morones et al., 2005) . Using nano-silver compounds (NS) in vase solution of cut flowers is a relatively new subject as an antibacterial agent (Solgi a (Peitao et al., 2010) . Kim et al. (2005) In this experiment, the effect of SNP concentration was evaluated on the vase life of cut carnation of 'Pax' and 'Tabor' cultivars.
MATERIALS AND METHODS
Carnation cut flowers were purchased from a commercial greenhouse (Pakdasht, Tehran, Iran) and transported to laboratory with careful handling. Before applying treatments, stem ends were re-cut to about 40 cm long. After weighing, flowers were placed in the bottle containing 300 ml vase solutions. In this experiment, the effects of SNP (Nanocid Company, Iran) concentrations including 0 (control), 5, 10 and 20 µl L -1 beside silver nitrate at 100 µl L -1 on cut carnations, 'Pax' and 'Tabor' were evaluated in continuous solution. To all treatments, 4% sucrose was added as carbohydrate source. Flowers were placed in chamber at 20±2C, relative humidity about 60% and 12 h photoperiod. During the experimental period, decorative value was characterized by evaluation of vase longevity, flower quality, Chl content, vase solution turbidity, relative fresh weight (RFW) and solution uptake. Vase life was considered terminated when the corolla was noticeably wilted, dried or necrotic (Wu et al., 1992) . Solution uptake and fresh weight were recorded by measuring weights of vases without flowers and of flowers separately. Solution uptake was calculated as: average daily water uptake (g stem
where, St is weight of vase solution (g) at t = days 1, 3, 5, etc., and S t-1 is weight of vase solution (g) on the previous day. Relative fresh weight (RFW) of stems was calculated as: RFW (%) = (Wt/Wt=0)×100; where, Wt is weight of stem (g) at t = days 2, 4, 6, etc., and Wt=0 is weight of the same stem (g) at t=day 0.
Leaf Chl content were determined using Chl extraction by acetone (80%), followed by the spectrophotometric determination of absorbance at 663 and 645 nM wave length, and conversion from absorbance to concentration using Arnon (1949) equations. Ion leakage was used to assess membrane permeability and measured using an electrical conductivity meter. The procedure used was based on the method of Pooviah (1973). Turbidity was measured based on the method of Ichimura and Goto (2002) use of the spectrophotometer at 400, 500 and 600 nM.
Each treatment comprised three flowers and was repeated three times. SAS (9.1) statistical software was used to perform analysis and mean values were then compared by a conventional Duncan's multiple range test.
RESULTS AND DISCUSSION

Vase Life
In this experiment, the effects of different concentrations of nano-silver (NS) were evaluated on two cut-carnations, 'Pax' and 'Tabor'. Results showed that these preservative solutions could extend the vase life of cut carnations. Significant (p≤0.01) differences were found among various concentrations of NS in extending the vase life of carnation flowers. Concentration of SNP at 5 and 10 µl L SNP concentration, vase life span in cultivar 'Pax' and 'Tabor' was 20 and 14.6 days respectively. The vase life markedly varied between the two cultivars and it shows that the response to SNP is cultivar specific (Fig. 1) . Combinations of sucrose and antimicrobial agents such as SNP or AgNO 3 are required to extend vase-life.
A high SNP cconcentration (20 µl L
had prevented bud opening and caused burning at the petal tips or margins, while at a lower concentration of 5 µl L -1 , no negative 529 effects were observed.
Chlorophyll
Leaf Chl content was affected neither by SNP nor by silver nitrate treatment, although the passing time resulted in decreasing the total amount of Chl (Fig. 2) , which is consistent with the report of Bashiri et al. (2011) . In another study, unlike salicylic acid treatment, the silver nanoparticles treatments did not show any effect on the amount of Chl in Gerbera flowers (Kazemi and Emery, 2012) .
Turbidity
Continuous treatment of 5 µl L -1 SNP had the lowest turbidity, while the control showed the highest turbidity of vase solution (Fig. 3) . Addition of sucrose to preservative solutions had positive effects on the vase-life of most flowers (Halevy and Mayak, 1979) . However, use of sucrose alone in preservative solutions promotes microbial growth and increase turbidity (Nair et al., 2003) .
Electrolyte Leakage
All treatments showed significant differences at 1% level on the electrolyte leakage (EL). Flowers treated with silver nanoparticles at concentrations of 5 µl L -1 had a lower ion leakage than other treatments. Control treatment had the highest percentage of ion leakage compared to other concentrations (Fig. 4) . Control treatment impaired membrane permeability by increasing electrolyte leakage. Addition of silver nanoparticles maintained membrane permeability.
Fresh Weight
Fresh weight 
Solution Uptake
Cut flower uptake solution was significantly different between treatments as well as cultivars. Comparison of the treatments showed that in both cultivars, 5 µl L -1 had the highest absorption. Control in both cultivars had the lowest uptake solution (Fig. 6) .
Vascular blockage by bacteria causes decreasing water uptake and finally results in stem breaking or bending and petal wilting in cut flowers (Balestra et al., 2005; Meman and Dabhi, 2006) . Therefore, water balance and cell turgidity are important factors in extending cut flower vase-life. Addition of sucrose to preservative solutions had positive effects on the vase-life of most flowers, including gerbera (Halevy and Mayak, 1979) , although using sucrose alone in preservative solutions promotes microbial growth (Nair et al., 2003) . Combinations of sucrose and antimicrobial agents such as SNP or AgNO 3 are required to suppress microbial growth and subsequently extend vase-life.
However, our results showed that the application of 5 µl L -1 SNP continuously with 4% sucrose was the best treatment to prevent microorganism population and extend the vase life of carnation cut flower.
Results of current study indicated that the combination of sucrose and 5 µl L 
